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Abstract
The ETM and ALCE testing: Summer internship in Clark labs
Wenle Jiang
This paper is a description of my internship with Clark Labs in the summer of 2017. I
worked as research assistant responsible for testing the Earth Trends Modeler and the
American Land Change Explorer. Earth Trends Modeler is a revolutionary earth
observation tool that allows for the modeling and analysis of earth trends and ecosystem
dynamics. The American Land Change Explorer (ALCE) is a free web application
designed to illustrate the potential of predictive land change modeling using a
subscription-based service called the American Land Change Modeler (ALCM). Working
in Clark Labs allows me to learn from intelligent and successful GIS professionals and
learn about how GIS software products are developed. I highly recommend this
internship with Clark Labs to other GISDE students who are interested in remote sensing
and programming.

Dr. Yelena Ogneva-Himmelberger, Academic Advisor
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Chapter 1: Introduction
GIS lets us visualize, question, analyze, and interpret data to understand relationships,
patterns, and trends. It benefits organizations of all sizes and in almost every industry.
There is a growing interest in and awareness of the economic and strategic value of GIS.
Throughout my studies at China University of Geosciences, I became more interested in
its versatile functions and applications in areas like Land change modeling and WebGIS.
After graduation, I decided to join the Geographic Information Science for Development
and Environment (GISDE) program at Clark University. As graduate students in the
GISDE program, I find joy from learning and gain a clear understanding identifying our
research interest. Clark University has allowed me to gain the skills and experience to
prepare for a career in geographic information science. In the Advanced Raster GIS class,
Jeanie, Michael and I focused on the global CO2 trend analysis under Dr. Ronald
Eastman’s suggestion. Dr. Eastman told me that Clark Labs needs some research
assistants to help test latest Terrset in the summer of 2017. Therefore, Youtao and I
applied to work at Clark Labs as Terrst software testers to develop our professional skills.
At Clark Labs, I was involved in the ETM testing and ALCE testing work. I performed
these two testing tasks in collaboration with Tammy Woodard, who received my
feedback during the testing process. The Earth Trends Modeler is a vertical application
within TerrSet providing a wealth of tools for the analysis of trends and the dynamic
characteristics of environmental phenomena. The American Land Change Explorer
(ALCE) is a free web application designed to illustrate the potential of predictive land
1
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change modeling using a subscription-based service called the American Land Change
Modeler (ALCM). Both of these two projects challenged me and allowed me to develop
stronger GIS analysis skills.
Working at Clark Labs provided me with a good opportunity to communicate with
different people, not only students at Clark University, but also staffs from different
countries. The skills that I had gained in my first year as a GISDE student at Clark
prepared me well to tackle the advanced projects that I took on at Clark Labs. Overall, the
education I have received at Clark University combined with the experience that I gained
at Clark Labs is invaluable and will be integral in my pursuit of a career as a GIS
Analyst.
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Chapter 2: Description of Organization

2.1 Background and Mission
Clark Labs was founded by Professor J. Ronald Eastman in 1987 at Clark University,
Worcester, Massachusetts, USA. Since then, Clark Labs has been actively developing the
IDRISI GIS and Image Processing software which has been used by professionals in a
wide range of industries in more than 180 countries. Through cooperation with several
organizations, such as The Gordon and Betty Moore Foundation, Google.org, USDA, the
United Nations, Conservation International and World Conservation Society, Clark Labs
utilizes its theoretical basis to develop creative research tools, to provide software
solutions, and to apply geospatial expertise to a series of practical issues (Clark Labs,
2015).
The mission of Clark Labs is to continue its pioneering advancements in areas such as
decision support, uncertainty management, classifier development, land change science,
time series analysis, and climate change monitoring (Clark Labs, 2015). Clark Labs is
dedicated to the research and development of geospatial technologies for effective and
responsible decision making for environmental management, sustainable resource
development and equitable resource allocation.
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2.2 Expertise and Location
Clark Labs concentrates on solving problems with raster data. By investigating these
phenomena, Clark Labs is designed to provide help to users in solving the most
challenging problems of the environment and ordinary tasks of the earth science
community. Clark Labs is responsible for the IDRISI software, which combined
geographic information system with remote sensing software. In 2015, Clark Labs
released TerrSet Geospatial Monitoring and Modeling software. TerrSet includes the
IDRISI GIS Analysis and IDRISI Image Processing tools, along with an additional
constellation of software tools for monitoring and modeling the earth system (Clark Labs,
2015). IDRISI GIS and Image Processing tools laid the foundation for TerrSet software
and greatly expands the modelling capacity of the base IDRISI toolset. It provides users
with the most extensive set of geospatial tools in the industry in a single, affordable
package. This means it is user-friendly as users could use the software without requiring
additional add-ons to extensions.
Clark Labs is based within the world-renowned Graduate School of Geography at Clark
University. It is located at 950 Main St., Worcester, Massachusetts, USA (Clark Labs,
2015).
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2.3 Organizational Structure
Clark Labs is a non-profit organization employing over twenty people. The founder, Dr.
J. Ronald Eastman, is a tenured professor at Clark University, Graduate School of
Geography. He pursued his Ph.D. degree at Boston University and then joined Clark
University in 1982 (Clark Labs, 2015).
Clark Labs is composed of three core groups. The first one is the testing group,
responsible for technical support and algorithm testing of new modules. The second one
is the programming group. They optimize algorithms, improve existing modules and
design new modules to develop geospatial analysis of TerrSet. The third group is the
analyst group, responsible for most of analysis projects at Clark Labs.
The working space is quite bright and big, spanning three floors. The first floor is
equipped with eight computers in the open area for students who work on software
maintenance and report bugs. The second floor has three large offices for research groups
and one small office for a programming group. The third floor is the conference room
with the kitchen by the side. On Friday, all staff have lunch together and order food from
different local restaurants. During the summer, we have international food festival every
Thursday.
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2.4 GIS within the Organization
TerrSet provides several analytical tools for users to manipulate geospatial data,
especially raster data, to explore the rapidly changing world. IDRISI GIS Analysis tools
include not only traditional tools that provide solutions for day-to-day GIS professional,
but also advanced procedures to solve more complicated issues.
Generally, the IDRISI GIS Analysis tools include several key features (Clark Labs,
2015):
1. Database Query: queries raster and vector files and report basic statistics in
histograms, tabulations and profiles. Vector data can be accessed and edited by
SQL language.
2. Derivative Mapping: creates new data layers as a function of existing layers and
enter map layers as variables in models.
3. Distance and Context: runs Euclidian and cost distance procedures for aggregation
and disaggregation.
4. Spatial Statistics: acquires description of spatial characteristics, including point
distribution measures, image regression, logistical regression, autocorrelation
procedures and others.
5. Decision Support and Uncertainty Management: supports multi-criteria and
multiobjective decision making which includes tools and procedures for suitability
mapping and land allocation.
6. Surface Analysis: derives patterns, trends, and topological features, to delineate
6
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watersheds and viewsheds. It also includes traditional distance and buffer analysis
tools.
7. Change and Time Series Analysis: identifies and quantifies change across multiple
images and to predict land cover change.
8. Model Deployment Tools: Image Calculator to construct algebraic and logical
formulas with map layers as variables and Macro Modeler to exposes all the IDRISI
Analysis tools as objects that can be linked with map layers in an algorithmic chain.

2.5 Strengths and Weakness
The biggest strength of Clark Labs is its software: Terrst, also known as IDRISI. TerrSet
is a flagship product of Clark Labs as its spatial analysis tools including approximately
three hundred modules. TerrSet is designed for a variety of users, such as GIS
professionals, urban planners, land change analysts and environmental scientists, a
statistically relevant yet convenient and easy way to complete their projects.
However, a notable weakness of Clark Labs is contributed to its lack of funds. Since
Clark Labs is a non-profit organization, there is no marketing department for selling
softwares. Maximizing profit is not the main purpose for Clark Labs. IDRISI and TerrSet
are used more commonly for academic requirements, and the student pricing is quite
affordable. Because of the affordable price, Clark Labs does not acquire considerable
profit from selling products. This makes it difficult for Clark Labs to devote much
involvement to develop new and advanced procedures. It would be more efficient if the
organization could improve its business model to acquire more funds.
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2.6 Effectiveness and Efficiency
The unique friendly and harmonious working atmosphere of Clark Labs gives the staff
energy and enthusiasm to be efficient in their work. Researchers enjoy talking with each
other to solve problems; work tends to progress faster than anticipated at Clark Labs.
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Chapter 3: Internship Responsibilities

3.1 Background Information
As an intern at Clark Labs, I was involved in the Earth Trends Modeler testing and the
American Land Change Explorer testing projects in the summer of 2017. I performed
these two testing tasks in collaboration with Tammy Woodard, who received my
feedback during the testing process. The results of the testing work are test summary
reports.
During the two months, I mainly focused on applying multiple data to test the latest ETM
within the Terrset and the American Land Change Explorer. The Earth Trends Modeler is
a vertical application within TerrSet providing a wealth of tools for the analysis of trends
and the dynamic characteristics of environmental phenomena. It is comprised of three
tabs: Explore, Analysis and Preprocess. The American Land Change Explorer (ALCE) is
a free web application designed to illustrate the potential of predictive land change
modeling using a subscription-based service called the American Land Change Modeler
(ALCM).
Before I started the testing work, James Toledano, the executive director of Clark Labs
asked me to find the bugs in the ETM and ALCE that can duplicate. That is to say, I need
to find the bugs that should occur more than one time; the bugs should not just be
accidental cases. What’s more, I need to utilize my creative ways to try to crash these
9
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modules or the website, which is really a great challenge to my vision and professional
ability.

3.2 Earth Trends Modeler Test
Earth Trends Modeler is a revolutionary earth observation software tool that allows for
the modeling and analysis of earth trends and ecosystem dynamics. The software is
purpose-built for global change research and analysis, such as exploring climate events
like El Nino or related sea surface temperature fluctuations and their geographic impacts.
Earth Trends Modeler capitalizes on the extraordinary archive of global image time series
data that is this currently available to address these issues. The Earth Trends Modeler is a
vertical application within TerrSet providing a wealth of tools for the analysis of trends
and the dynamic characteristics of environmental phenomena. It is comprised of three
tabs: Explore, Analysis and Preprocess. (See Figure 1.) The Explore tab provides a
variety of options to explore a time series and the results from analytical procedures run
from the Analysis tab as well as set your project parameters and create time series files
for all further analysis within a session. In the Analysis tab, a variety of techniques and
processes are available to analyze a series over time. In the Preprocess tab, techniques are
available to preprocess and edit a series before analysis and exploration. My test work
can be divided into several sections:
•

Trend Analysis and Temporal Profiling

•

Seasonal Trend Analysis

•

Decomposition using Principal Components
10
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•

Linear Models

•

Linear Models II: Partial Regression

•

S-mode versus T-mode Analysis

•

Empirical Orthogonal Teleconnection Analysis

•

Extended PCA and EEOT

3.2.1 Data
For Trend Analysis and Temporal Profiling section, I used global ocean height time
series data, which portrays anomalies in ocean height (in meters) for every five-day
period from January 1997 to December 1999. (See Figure 2.) There is thus a total of 3 *
73 = 219 images in the series. Ocean height is quite plastic, responding to factors such as
pressure systems, and particularly, temperature. Warmer sea surface temperatures cause
the water to expand which leads to higher heights. Colder waters lead to lower heights.
For Seasonal Trend Analysis and Decomposition using Principal Components sections, I
used a 10-year archive of monthly MODIS Land Surface Temperature (LST) imagery
from the Terra satellite (MOD11C3 version 5). Specifically, the data consist of 10 km
resolution monthly images of LST for the Arctic (defined here as north of 50 degrees in
order to include the Aleutian Islands) measured in degrees Kelvin, from January 2001 to
December 20102. For ease of viewing, the data were also projected onto a Lambert
Azimuthal Equal Area projection.
The Linear Modeling tool in ETM is essentially a multiple regression tool specially
developed for analyzing lag relationships between series over time1. I used this to look at
the relationship between the ENSO phenomenon and precipitation worldwide. The
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Global Precipitation Climatology Project (GPCP) developed the series I used to examine
precipitation. Specifically, I used the GPCP Version 2 Combined Precipitation Data Set2.
The image series is spatially coarse (2.5 degrees) but represents one of the best long-term
observed series of precipitation. Each image expresses monthly precipitation as the mean
daily precipitation rate (as mm per day) for a specific month. Thus, in a sense, the data
are equalized for the effects of differing lengths of months. The data are derived from a
variety of satellite instruments (e.g., SSM/I emission and scattering estimates, TOVS,
AIRS, GPI, OPI) and rain gauge data. Although the series starts in 1979, I worked with a
monthly series from 1982 to 2010 to maintain continuity with the other series in this
section.
The Linear Modeling tool in ETM provides a wide range of features. In this section, I
mainly examined the patterns of several well-known climate teleconnections. To separate
their effects without the influence of others, I undertook a partial correlation analysis, a
feature of the Linear Modeling tool. A partial correlation is a measure of association
between two variables when the effects of one or more related variables are removed. It
thus allows us to look at the association in isolation, free of the influence of the other
variables. The series I used to look at lower tropospheric temperatures derived from the
Remote Sensing Systems (RSS) Microware Sounding Unit (MSU) data for the lower
troposphere (TLT). (See Figure 3.) The sensors are passive microwave sounding units
that are processed to yield information on several layers of the atmosphere. In this case, I
was looking at the data that are primarily related to the lowest 5 km of the troposphere.
All Data for the test can be downloaded from the Clark Labs website:
https://clarklabs.org/.
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3.2.2 Summary
Overall speaking, I did not find any bugs in ETM, everything runs well within the
module. In my perspective, ETM is an integrated suite of well-designed tools for the
analysis of earth observation image time series such as satellite image series and gridded
climate data sets. It offers state of the art tools for Earth system scientists while being
exceptionally easy to use. ETM also has a wide range of spectral decomposition
procedures for the analysis of these kinds of patterns across space and time. These
include Principal Components Analysis (PCA), (See Figure 4.) Extended PCA,
Multichannel Singular Spectrum Analysis (MSSA), Canonical Correlation Analysis
(CCA) and Empirical Orthogonal Teleconnection (EOT) analysis. Thus, it is appropriate
not only for front line research, but also for teaching and practical applications in local,
state and national environmental management.

3.3 The American Land Change Explorer Test
The American Land Change Explorer (ALCE) is a free web application designed to
illustrate the potential of predictive land change modeling using a subscription-based
service called the American Land Change Modeler (ALCM). (See Figure 5.)
ALCE includes land cover maps for 2001 and 2011 for the conterminous 48 states from
the US National Land Cover Database (NLCD). The resolution of these data is 30 m.
ALCE also includes a predictive mapping of land cover for the year 2050 as well as a
mapping of the mean potential of land to go through one or more transitions by that date.
Users can thus select whether to view:
•

Land cover 2001
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•

Land cover 2011

•

Change in land cover from 2001 to 2011

•

Potential of land to transition by 2050

•

Predicted land cover for 2050

•

Predicted change in land cover from 2011 to 2050

3.3.1 Data
The land cover data were at a 30-meter resolution from the National Land Cover
Database (NLCD). The explanatory variables were:
•

Elevation

•

Slope

•

Proximity to primary roads

•

Proximity to secondary roads

•

Proximity to local roads

•

Proximity to high intensity development

•

Proximity to open water

•

Proximity to cropland (used only for transitions to cropland)

•

Protected areas

•

County subdivisions or counties/incorporated places (depending on the state)

The modeling procedure used is a newly developed algorithm suitable for distributed
computing in a cloud computing environment. Briefly, the procedure is based on kernel
density estimation of the normalized likelihood of change associated with varying levels
14
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of each independent variable. These estimates are then aggregated by means of a locallyweighted average where the weights are based on the degree of conviction each variable
has about the outcome at that specific pixel. Testing has shown it to be comparable in
skill to a multi-layer perceptron neural network with the added advantages of rapid
calculation and capability of being distributed across multiple computer nodes.
Among the explanatory variables, the elevation data were from the National Elevation
Database while slope was derived from those data. All roads data were acquired from the
Census Bureau TIGER line files for 2014. Earlier road data would have been preferred,
but errors in earlier TIGER line files were deemed to be unacceptable. Country
subdivisions, counties and incorporated places were also acquired from the Census
Bureau. Protected areas came from the Protected Areas Database of the USGS National
Gap Analysis Program. Clark Labs derived all proximity layers.
In some states, planning jurisdiction is controlled by county subdivisions (such as in New
England), while in others, planning is governed by a combination of counties and
incorporated places (such as in many of the western states), which made some data
messy, disorganized, and inconsistent. Thus, in the Potential of land to transition by
2050 section, there are some strange patterns and missing values showed in some states.
(See Figure 6, 7, 8 and 9.)
3.3.2 Summary
Overall, the American Land Change Explorer is an excellent web application designed to
illustrate the potential of predictive land change modeling.
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The modeling was done separately for each state. All transitions that met or exceed 2 km2
in area (at the state level) were modeled independently. Within a single state, as many as
128 individual transitions might occur. In total, over the 48 conterminous states, 3330
transitions were modeled.
The modeling process initially establishes the potential to transition. This potential is
expressed as a continuous value from 0 to 1 at each pixel for each transition. The
procedure then uses the Markovian assumption that the rate of transition experienced in
the historical period (2001-2011 in this case) will continue. A competitive greedy
selection process then allocates the projected change.
In the training process for each transition, 50% of historical instances of change and 50%
of an equal-sized sample of pixels eligible to change, but which did not (e.g.,
persistence), were reserved for model validation. The median accuracy over all 3330
transitions was 80% with 79% of change validation pixels being correctly predicted and
83% of persistence pixels being correctly predicted. Thus, the models, on average, are
quite balanced in their ability to predict change and persistence.
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Chapter 4: Internship Assessment

The internship at Clark Labs was an invaluable experience for me. I learned a lot during
this summer at Clark Labs, not only because I applied and improved on the skills I
learned at Clark, but also because I gained a deeper understanding of theories behind the
TerrSet modules and WebGIS. Overall, my software testing experience at Clark Labs
allowed me to learn more and improve my skills in many areas of data management, GIS
analysis, and GIS programming.

4.1 Skills Learned During the Internship
By doing an internship at Clark Labs this summer, I have obtained a great deal of
experience working as a GIS analyst. During the internship, I was involved in data
preprocessing, Earth Trends Modeler testing as well as the American Land Change
Explorer testing, which helped me gain a better understanding of advanced raster theories
and cutting-edge web mapping technology. Working at Clark Labs was the first time for
me to work at a non-profit organization in the U.S., a unique experience for me. My
advisor (Professor Eastman) and other colleagues were friendly, and the atmosphere in
the lab was always amicable. The data processing portion of the internship contained a
large amount of detailed steps. I have learned that contact and communication in time are
required in the workplace. At Clark Labs, do not hesitate to ask questions. Appropriate
17
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communication helps efficient cooperation. Sometimes I got lost in the data
preprocessing part without asking Tammy for help, which led to an incorrect result in
ETM testing. Then I had to redo the data preprocessing part, which was time-consuming.
The requirement for this internship was basic knowledge of remote sensing, GIS, and
specifically, the knowledge of land cover change that was covered by Professor Eastman
during course Advanced Raster GIS. In addition, the operational capacity for TerrSet and
ArcGIS was needed for data pre-processing and ETM testing. This was covered by many
courses which I have taken when I was a first year GISDE student, including Intro to
GIS, Intro to Remote Sensing, Advanced Vector GIS, and Advanced Raster GIS. I
learned about ETM and PCA before this internship from course, Advanced Raster GIS,
which was taught by Professor Eastman. I would like to pursue a career in GIS analysis
in the future. Thus, this internship was valuable for me as work experience.

4.2 Skills Learned at Clark University
This internship was mainly related to three courses, Introduction to Remote Sensing (RS),
Introduction to GIS and Advance Raster GIS. Introduction to Remote Sensing gave us
basic understanding of many modules in TerrSet. The core concepts of Earth Trends
Modeler were taught by Professor Eastman in Advanced Raster GIS. Communication
was of great importance at while working at Clark Labs. This internship provided me
with an opportunity to improve my spoken English and prepare for a future career.
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4.3 Recommendations
My work experiences in Clark Labs solidified what I learned at Clark University and
fostered the acquisition of new skills. I will recommend this great internship to those who
want to work as a GIS/RS analyst in the future, who would like to gain more GIS
programming skills and dare to accept challenges.
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Chapter 5: Conclusion

Clark University and GISDE program has offered me high quality educations, problem
solving and critical thinking ability. My internship with Clark Labs this past summer was
a great experience. This internship allowed me to not only use and review knowledge
learned from class, but also acquire more knowledge and understanding of ETM and
WebGIS. I also made efficient network with my colleagues in Clark Labs, who were both
friendly and helpful with professional tasks. The internship experience engaging with
non-profit organizations and assist their mission with technical support and analysis is
very rewarding. It also gave me more ideas about our future careers. I will also take what
I have gained from this experience into my future job. Overall, this internship experience
has prepared me well to reach my goals and pursue a career as a GIS Analyst. I strongly
recommend the internship in Clark Labs to other GISDE students.
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Glossary
ETM – Earth Trends Modeler
ALCE - American Land Change Explorer
ALCM- American Land Change Modeler
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Appendix

Figure 1: ETM interface
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Figure 2: ETM testing – TOPEX/POSEIDON Five Day Ocean Height

Figure 3: Linear correlation of tlt8213_anom
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Figure 4: S-Model PCA Component 1 Loadings

Figure 5: The American Land Change Explorer interface
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Figure 6: ALCE test – strange pattern in Arizona

Figure 7: ALCE test – strange pattern in California
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Figure 8: The boundary in Potential for future change

Figure 9: Missing data value in Connecticut
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